where the elements exist as well-defined dioxo-cations. However, the AHF spectra can be related to spectra in the gas phase, in the solid state or in non-aqueous solvents for each element in its appropriate oxidation state.
INTRODUCTION
and others have shown that superacid media are particularly effective in producing stable solutions of relatively simple cationic species, frequently with charges much higher than those which can exist in water. Thus entities such as s 8 2 +, se 4 2 + and 1 2 + exist in superacid media, whereas related species in aqueous solution are oxo-or hydroxo-acids or anions. Anhydrous hydrogen fluoride (AHF), as a solvent, is extremely acidic and its acidity is increased markedly by addition of simple Lewis acids such as BF 3 , AsF 5 , or SbF 5 . In this solvent, solvation of cations and fluoro-complexation can occur but there is no possible process which corresponds with oxo-complexation which accounts for much of the complexity in speciation in aqueous solutions.
Furthermore, most anions are solvolysed or protonated in AHF. The only anions other than fluoride which do exist in AHF are those derived from the Lewis acids of the systems, e.g. BF 4 -, AsF 6 -and SbF 6 -, and it is shown on spectroscopic grounds in this work that they appear to have no observable complexing effect on cations in AHF solution. There is some experimental evidence that fluorocomplexation of cations in AHF is not as strong as hydroxocomplexation in water and the summation of all of these considerations has led to the postulation that intrinsically AHF should provide simpler cationic speciation than does water.
There are some difficulties in making valid comparisons of spectra in aqueous solution of uranium and neptunium in oxidation states (III) to (VI). U(III) is relatively unstable in aqueous 2.
solution, reducing water. Spectra of U(IV) have been recorded in solutions strongly acidified with HC10 4 , so that hydrolysis is minimized and there is no complexation by species such as halides or the common oxo-anions. U(V), formally present as uo 2 +, dis-
proportionates very easily to U(IV) and U(VI), the latter being hydrolyzed to uo2 2 +, the spectrum of which is due to a charge transfer band in the near ultra violet. Np(III) and Np(JV) spectra can be recorded reliably in acidified non-complexing solution.
Np(V), existing as Np0 2 +, has been regarded as surprisingly stable in aqueous solution. This stability will be discussed later in this paper. Np(VI) is usually in solution as Npo 2 2 +. The spectra of these di-oxo species of U and Np cannot be related to a simple aquated cationic species as is done for the lower oxidation states of these elements. Presumably, as the charge on the cation increases, the polymeric fluoride lattice, now more favoured energetically, is harder to disrupt to produce solvated ions. However, again the spectra (3) indicated formation of simple HF solvated cations, with BF 4 -counter-ions.
In the preliminary stages of the present work, application of BF 3 at 2 atmospheres pressure to a suspension of UF 4 in HF produced no discernible amounts of uranium(IV) in solution. These interactions of BF 3 in HF withdi-, tri-and tetra-fluorides are consistent with the action of a relatively weak Lewis acid. Obviously, stronger
Lewis acids such as SbF 5 and AsF 5 would be more likely to produce HF solutions of U(IV). These acids had not been used in the initial study( 3 ) because they, unlike BF 3 , are potential oxidants in HF and it was not known at that time whether they might oxidize Ni (II) or Co(II).
For dissolution of UF 4 , AsF 5 was used initially as the Lewis acid and was maintained at a pressure of about 2 atmospheres over a stirred suspension of UF 4 in HF to provide over several days a green solution, the spectrum of which was recorded and is shown in Figure lb Oxidation State VI
The hexafluorides are readily soluble in AHF at room temperature.
In order to make comparisons with those uranium fluorides which needed 8.
Lewis acids to cause dissolution, the UF 6 solution was treated with AsF 5 (1.5 atmos.) and SbF 5 (10M). 
Measurements
The cells and procedures were essentially as reported earlier, ( 3 ) and a Cary 17 spectrophotometer was used for recording spectra.
RESULTS AND DISCUSSION
Aqueous spectra are available for comparison with the corresponding ones in AHF for the simple aqua-cations of U(III) and U(IV)(g) and for Np(III) and Np{IV)(lO) in strongly acid non-complexing solutions and these have been compared with the AHF spectra ( Figs. 1 and 2 ) of the same elements in oxidation states (III) and (IV).
Cohen and Carnall(g) recorded the aqueous spectrum for U(III) after reduction of U(VI) to U(III) in l.OM DC10 4 in a spectral cell.
As had been found with the spectra of tripositive lanthanides in AHF,{ 3 ) similarities between the aqueous and AHF spectra for It is interesting to speculate that the stability of the isoelectronic species UF 2 2 +, Np0 2 + and Puo 2 2 + could provide a rationalization of an apparent paradox in the aqueous chemistry of U, Np and Pu in high oxidation states. It has long been recognized that Np(V), present as Np0 2 +, is very much more stable towards disproportionation than the corresponding dioxo-species for U and Pu. Assuming that two favoured species for U are uo 2 2 + and UF 2 2 + (in aqueous solutions containing fluoride), the inclusion of Np0 2 + in the isoelectronic series could be used as a basis for consideration of the apparently anomalous stability of Np(V) in solution. On the other hand, there is nothing in the known solution chemistry of U(IV) and Np(IV) to suggest that the speciation of the two elements in the same oxidation state should be so different in AHF. The spectrum of U(V) in acidic AHF is similar to those reported by Ryan(lS) for U(V) in halo-complexes of U(V). As expected, there is no absorbance in the visible region or the near-UV by solutions of UF 6 , the only spectral feature in the UV resulting from charge transfer.
Earlier conductance and Raman spectroscopic studies have shown that UF 6 dissolves in AHF as the molecular entity. ( 7 ) The AHF solution spectrum for NpF 5 resembles that for a fluorocarbon mull of solid CsNpF 6 ( 16 ) and that for NpF 6 in neutral HF or in HF containing the Lewis acid BF 3 is closely related to the gas phase spectrum. (l 7 ) AsF 5 , a stronger Lewis acid than BF 3 , could not be used reliably in AHF solutions of NpF 6 for the reasons given below.
UF 6 and NpF 6 both have reasonable solubility in neutral HF, whereas 12.
the pentafluorides required the presence of a Lewis acid for dissolution.
In order to make the spectra for both elements strictly comparable in all oxidation states, the three Lewis acids used in this study were added to both hexafluoride solutions. BF 3 had no effect on either spectrum. The UF 6 spectrum was unchanged by the addition of AsF 5 but the NpF 6 spectrum was made more complex. The addition of SbF 5 , particularly in high concentration (10M) and on standing, caused the observed spectra to be very different from those for both hexafluorides.
After about 1 day the spectrum for NpF 6 -SbF 5 -HF had changed to being almost identical with that for NpF 5 -SbF 5 -HF. As mentioned earlier, strongly acidic HF can protonate unsaturated material in Kel-F (presumably low molecular weight fractions of the polymer) and leach these from the Kel-F container into solution. ( 4 ) This material could then reduce Np(VI) to Np{V). This proposed behaviour is consistent with the spectroscopic observation in the present work that NpF 6 solutions were reduced more readily than UF 6 in SbF 5 -HF solutions and that AsF 5 -HF reduced Np(VI) but not U(VI). The known chemistry of actinide hexafluorides shows that NpF 6 is a stronger oxidant than UF 6 . (lB)
In the 11 Experimental Section 11 of this paper it was reported that solutions were prepared for both metals in a wide range of oxidation states using the three Lewis acids, BF 3 , AsF 5 and SbF 5 with each system where possible, i.e. each of the solutions was prepared, whenever possible, containing the anions BF 4 -, AsF 6 -or SbF 6 -or the appropriate polymeric anions. Except for the specific chemical reduction referred to above for U(VI) and Np(VI) in highly acidic solutions, no significant spectroscopic differences were observed that could be attributed to the is given.
15. Table 3 Positions of Vibrational Fine Structure in U(IV) Solutions (nm)
. 
